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OF  A GUN  WTH  AN  EFFECTIVELY  INFINITE  LENGTH  CHAMBER 


Prepared  by: 
Arnold  E.  S«i(|el 


ABSTRACT:  This  report  is  a theoretical  study  of  tha  Influence  of  cha»- 
brafe  (the  ratio  of  ohanber  dlaaeter  to  'acre  diaaetar)  on  the  autfle 
▼elooity  of  a gun.  Tha  analysis  is  applied  to  a chsabered  gun  In  whieh 
all  tha  propellant  is  burned  before  the  projectile  noves;  the  cylindri- 
cal ohaaber  is  assuaed  to  be  of  sufficient  length  so  that  the  breech 
has  no  effect  on  the  projectile  notion.  Thus,  the  influence  of  ehaa- 
brage  is  preeent,  uhile  the  ef facte  of  the  propellant  burning  during 
firing  and  of  the  breech  are  not.  The  propellant  ges  is  treated  as  an 
ideal  gas.  The  change  of  state  of  the  gas  in  passing  through  the 
section  of  reduction  in  dleaater  ie  obtained  by  epplyinj;'  ‘hr  steady 
stata  isantropie  «-~;«.  ,ti-as  en'’  energy.  Unataady  iaao- 
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THE  INFLUENCE  CF  CHAMBER  DIAMETER  ON  THE  MUZZLE  VELOCITY 
OF  A GUN  WITH  AN  SFreCTIVELY  INFINITE  LENGTH  CHAMBER 


I.  INTRODUCTION 

1,  The  influence  cf  chaabrage,  the  ratio  of  the  propellant  chamber 
diameter  to  the  barrel  bore  diameter,  has  been  theoretically  examined 
in  reference  (a)  for  the  special  case  known  as  "optimum  chambrage". 

This  condition  of  chambrage  equal  to  infinity  yields  the  maximum 
possible  projectile  velocity  for  given  gun  and  propellant  parameters.* 

(In  ust  inst<^nnuJ  the  optimum  chambrage  conditions  can  be  approached 
by  eibher  a large,  well>shaped  cnaniber  in  which  the  propelle  been 

initially  «11  burned  or  by  a propellant  buminr  ^t  the  proper  rate  in 

a smaller  chamber  (see  reference  (a).)  It  is  of  interest  here  to 
determine  quantitatively  the  effect  of  finite  chambrage  on  the  nussle 
velocity  of  guns. 

2.  In  reference  (a)  a qualitative  description  of  what  occurs  during 
the  firing  of  a oonventionel  chambered  gun  is  given  in  terms  of  the 
rarefactions  and  compressiem  impulses  which  are  preaent  in  the  propel- 
lant gas.  It  is  demonstrated  that  the  propellant  gas  directly  behind 
the  projectile  experiences  chiefly  the  following  tendencies  for  ohangea 
in  pre»«"rej 

a.  A Irop  in  pressure  from  the  rarei'actioii»  ■'*  h.  i • ^ ; ■> . 

< projectile 

b.  A rise  in  (»assure  from  the  compressions  produced  by  the  burning 
propellant 

c.  A drop  in  pressure  caused  oj  the  raret'eetione  reflected  fr?* 
breeoh 

d.  Ae  a res"l»  of  c^'ambrage,  e riea  in  prassure  from  the  cempres- 
eions  reflected  from  the  trensition  section,  which  joins  the  ch-.tsr  to 
the  barrel. 

A study  will  be  mede  here  of  e g\S)  with  finite  ehambrage  in  which  the 
propellant  ia  initially  all  burned  and  which  has  a euffleiantly  l<mg 
chamber  so  that  the  breeoh  has  no  effect  c-  the  projectile  Rction.  In 
this  simplified  gun  the  effects  of  the  burning  propellant  and  of  tha 
breech,  (b)  end  ^c)  above,  ere  absent;  and  the  influence  of  ehembrage  on 
the  eeoelerating  projectile,  (e)  and  (d)  above,  can  bharafore  be  obtained 
apart  from  thaae  effeeta. 


* Tha  propellant  is  ausumed  vo  bum  only  in  tha  chambar. 
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3.  The  oao-dlmentloDAl  otaaraeteriatio  aquatlona  art  applloabla  to  tha 
ohaiibar  (conaidarad  to  ba  of  eonatant  diaaatar)  and  to  tha  constant  dlaa- 
atar  ban^l: 

(u  ± 0-)  (u±a)i(uto-)  = 0 

In  ganaral,  the  solution  of  thasa  aquatlMta  requiras  a nvaarleal  stap- 
by-stap  procadura  for  both  tha  ehaabar  and  tba  barral  saotloua;  this 
prooadura  ean  ba  appllad  to  any  length  ebanhar  and  barrel.  In  tha 
particular  ease  analysed  hare  of  a long  (affaatlTaly  infinite  length) 
oiiaabar  in  which  tha  irop«llant  ia  initially  all  burned,  tha  aquation 
)-ith  pc*itira  aigikS  of  squatinn  (1)  intagrataa  aiaply  into 

•• 

U + or  = O'*  (2) 

for  tha  ehaabar  aaetlon;  eonsaquantly,  no  atap-tay-atap  prooadura  la 
required  in  this  ease  for  tha  ehaabar  aaetion.  (An  affactiraly  infi- 
nite length  ehaabar  ia  one  auffiotantly  long  so  that  no  iapulaas  or  dia- 
turbanoas  raflaotad  froai  tha  ehaabar  taaek  ac.i  reach  tha  projaetila.  Saa 
Saetion  VI  for  a qoantitatiaa  dataraination  of  thia  naeaasary  langth.) 


4.  Th«  gas  flow  in  the  transition  aaetlon,  whloh  Joins  tha  ohaabar  to 
the  bora,  ean  b«  aaaorlbed  b>  t»>'«  'mata*dy  •diabatia 

aiwrar  equation  and  tha  two-diaanaional  unsteady  sontlr'i^v  ^uat^o- 
Sinoa  it  is  not  faa&lbla  to  use  thaaa  aquations,  it  is  assvaMd  that  the 
rata  at  wMen  utc  ga«  paaaas  through  tha  tranaitlon  aaetion  is  lar^;! 
ralatiTa  to  tnn  rata  at  which  oonditiena  ahanga  within  tha  tranaitlon 
aaetion.  Then  th*  aena tinea  which  are  ap^ieahlt  to  nlata  ttu  oen- 
ditiona  in  a particular  gas  layer  at  tha  »tranoa  vf  the 
aaetion  to  those  in  thla  aaua  gaa  layer  %R>ae  il  Is  el  Uts  salt  sf  the 
tranaitlon  section  nra  tha  ataudy  aquations  of  oontlnuity  and  aeargy. 

Ry  steady  aquations  la  aaant  that  tha  aquatlona 


A 

u*  w 
and-j“  > n 


■ oonatant 
• oonatant 


(3) 

(4) 


are  applied  to  each  gas  layer,  tha  oonataata  la  g»aral  being  alighlly 
different  for  each  aueoaaaiaa  layer. 


5.  it  oaa  ba  shown  by  tba  aaas  argvassnta  as  prasantad  in  rafaranoa  (a) 
that  tba  uaa  of  tha  ataady  flew  aqaatiens  to  dsaeriba  tha  gas  How 
baWaan  tha  ohaabar  and  tba  barrel  of  a g«i  yialda  a larger  projaetila 
velocity  than  tha  uaa  of  tha  unataady  aquatlona.  (The  aceuraey  of  tha 


* Sea  list  of  2yabola. 

**  Thia  la'trua  baeauao  all  downstraaa  a'jaraoaariaiic  lines  in  tba  ohsa 
bar  originate  frou  gaa  at  raat  and  at  toe  tnitial  tharuodynaBle  atata  of 
tha  gaa.  For  a dat^Iad  axpLaBSllan,  aaa  refs  'snoa  (d). 
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■teedy  flow  approxination  to  the  uneteady  condition  can  be  obtained 
froM  specific  gun  experiaental  results.*)  In  support  .of  the  use  of 
thia  approxiaation,  however,  la  the  realization  t^t  the  steady  state 
eondltloa  is  approached  in  the  transition  section  of  our  s..inplifltfd  gun 
with  the  passage  of  tine. 

6.  With  the  assumptions  stated  above  and  the  additional  assumption  that 
the  prOwSdS  is  thermodynamically  reversible,  it  is  possible  to  study 
quantitatively  the  influence  of  chamber  diameter  on  the  suszle  velocity 
of  guns*  The  method  of  calculation  and  the  results  obtained  are  pre> 
lanted  below. 


II.  fiqxtatione  Cescribing  the  Behavior  of  the 
Propellant  Qaa  and  the  Projectile 


7.  Ttaa  gun  la  visualised  as  having  a constant-diameter  ohaabar  of 
effeeti'/ely  infinite  length  Joined  by  a transition  section  to  a oonstant- 
diameter  barrel.  The  projectile  is  positioned  initially  so  that  its 
back  end  is  at  the  beginning  of  the  uniform-area  barrel  section.  It  is 
assxBsed  that  the  propellant  bums  completely  before  the  projectile  begins 
to  move,  producing  the  hlgh-preesure  propellent  ges  at  initial  and  peak 


pressure  and  eound  velocity  OLo  (aee  eketch  ’>elow). 


I 


T 

O, 


The  ,xwpellent 
V » of  x«4. 
gas  V*  Idc 


ns  ie  t 

he  met 


T 


1 1 * 


ie  taken  to  be  ideal  with  a ratio  cf  epaciflo  haata, 
thod  nssd,  hcwo««r.  oan  oe  applied  to  an  inperfeot 
in/  2 (ct'<  refi'r-'^'.-e  id/.'  .'t..  'al  ■ c;'  1.4  ie 

eeleoted  beoauae  e.^perimanta  to  eonfim  the  tneorexioel  uvuwlusior.s 
obtained  in  thia  report  were  carried  out  uaing  air;  tbcjs  experiaante 
are  deeoribed  in  refertnee  (b).  Fcr  generality,  di*.  - -.ionleaa  varieblee 
are  ueed;  these  ere  listed  balsvk 


Ps  A K 

m[e/(  «-!)]*  a*. 


Z5  <xl  M 


T ^ Pa  At 


P.  A t 
5 citt  M 


* Such  experimental  reaolte  ar**  deacrlbed  in  reference  (b) . 
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a = 


a 


[a/(!S-i)]a, 


a 

5 a, 


a ~ 


a 


t/(  3'!)]a* 


g 

5 a, 


t w'* 
; 


P = 


9 ^ -T. 


or  = 


8.  It,  ia  aaauMd  that  aaeh  part  of  th«  propallast  gta  azpaada  Imd- 
wropia^Jly;  thar»fora,  ainco  tha  propallant  g«a  la  idaail, 

p ^ o-  - f/a  Vy  - 5 n 

O’  - 1*  = 5a,  p=o*  *a 

ForUMr,  la  th«  vnlfom  ehanbar  aaotlon  acC  ia  tha  tkafona  barral  *ac- 
tlen  taa  aaavMapviuu  is  sada  \Lat  cb«  aar  aotiot  ocr  :n«7  la 

•pact.  Froa  tMa  asauaptlon  aad  that  of  xaaetroplen7,  U>v  usstssd^' 
onaMllJMBaiaoal  araawUi  aquation  and  oontiauLty  aquotlon  lead  to  tha 
oaa  dlaanaloaal  diaraetariatle  aquations.  Urlttan  In  dlaanalonlaas  form, 
thaaa  aquations  ara 

■^iTLtcr)  + (d  t 5)^(a  ± 3-)  =Ov') 

Squatlona  C^)  tpplj  to  bota  tha  chaabar  sod  barral  aaetlona.  Slnea  tha 
ohaabar  la  affaetlaal/  loflnlta  In  laaftb  (and,  oonaaquaotlj , toa  back 
part  of  tha  propallaot  faa  raaadoa  at  raat  In  Its  initial  stata  la  tha 
eharbar),  tha  aquation  with  posltlva  algaa  of  aquation  (7)  baeooMa 


a O’ 


I 


(8) 


Thus  I for  tha  ohaabar  aactlon  tha  aw  of  tha  gas  raloelty,  , and 
tha  lianann  funetloB,  "S  (aqual  to  7/(  V -*1 ) tlaaa  tha  sound  Taloeity), 
rsMalna  a oonatant.  Thia  fact  alapliflaa  tha  traataant  of  tha  pro- 
pallant  gaa  In  tha  ohaabar  aactlon.  '.n  thv  barral  aactlon,  howavar, 

00  such  alapllfloatlon  la  poaaiblat  aquationa  (?)  auat  ba  aolvad  by 
a nuaarioal  itap-bgr-atap  proeaaa. 
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9.  In  the  trsnaitlon  section,  which  Joins  the  chsaber  of  erosn- 
seetlonal  arts  Aj  to  the  barrel  of  cross  sectional  area  \2r  8** 

flow  la  described  by  the 


steady  flow  equatlone  of 
ocRtlnoity  and  eneror. 

UIV.  the  subscript  "1* 
denoting  the  stato  of  the 
gas  lu  Che  chamber  at  the  | 
entrance  to  the  transition 
section,  and  the  subscript 
"2*  denoting  the  state  of  | 
the  %ap  In  t:;e  ‘oarrel  at 
the  exil  of  the  trensition 
section  (see  sketch),  these 
equations  aret 


TRANSITION  SECTION* 


CHAMftEH  I 


BAARSt 


p,  a.A,  = p,u,Aj 

h,  + aV2  = h,  + a\/2 


In  diascslofflee?  fora  equations  (9)  becoae,  with  the  use  of  equations 
(5)  snd  (6),  2 ^ , 


2 

/— M-l  ~ 
VO;;  .I.J 

<}< 

\w-2Z 

L. 

(IP) 

% 

a, 

»-l  rr*  — 
- 

— a 

u. 

4. 

(11) 

whore  t.«  euth^vy  h 


has  beer,  repleced  by  i^e  equlealeat  for  the  ideal 


10.  fquation  (8)  can  be  applied  in  particular  to  the  catranoe  of  the 
traasitice  eeetlnn,.  jleldiaf 

a,  ■*'  a,  = I U2' 

With  the  aseaaptice  that  the  projectile  is  unopposed  by  air  pressure  in 
front  and  friction  forces,  the  equation  for  the  projectile  acceleration 

is 

-d't  ' P 

Proa  equations  (7),  (10),  (11),  and  (13)  the  entire  bahavlor  of  the  gas 
and  projectile  can  be  obtained  for  the  ohsabertd  gun  with  affectlualy 
infinite  length  chaaher. 
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III.  Obtaining  Mudom  Projtutila  Valooitj  for  tba  Chaabarad  G'js 

11.  Btf  the  uaa  of  tba  aquatlona  presactad  In  Section  II,  the  aaxima 
projaetila  raloeity  can  obtainad  aasily  aa  a fimctlon  of  the  ratio  of 
ehaabar  dlanatar  to  bairal  diaaatar.  The  aaxljnai  projectile  relocitj 
is  attained  by  an  unopposed  projaetila  in  a gun  of  infinite  barrel 
length.  Althc"fb  this  Telocity  is  an  idealised  liait,  it  is  instruc- 
tiTs  to  see  the  effect  of  ehanbraga  on  this  liJidt. 


12.  As  the  projectile  Telocity  increases  in  a ehaabered  gun  with  infl 
nite  ch,i*ber  length  and  Infinite  barrel  length,  steady  state  ocnditl'«ij 
In  tho  transi^iot)  section  ere  cpproaohed,  and  the  Telocity  at  the  axi 
of  the  transitior-  seotion  approaches  the  local  sonic  reloeity.*  Mien 
the  projectile  has  reached  its  naxiM  Telocity,  the  steady  state  oco>- 
ditiona  will  exist  in  the  transition  section,  and  the  gas  will  be  flow- 
ing with  sonic  speed.  Thus,  the  steady  flow  equations  (10)  and  (11) 
^111  exaetlT  apply  at  this  tiaa;  and,  in  addition,  the  Telocity  at  tba 
tranaitlnn  aeetlon  exit  can  ba  equat^  to  tha  sonic  Telocity  without 
epproxieaticn . 


- A, 

z 

/ — \ g-t  — 

= 

(O'.) 

(10) 

— ry  - 

u*t  " ™ 

'•  - • 

w , 

(U) 

= a,  « 

where  all  tha  quantitlee  are  for  the  tine  '.i.en  U»*  ur.»J-cM.ic  » ./ 

ia  a naxinun. 


13.  As  the  ehanber  is  effeetiTsly  iafiaite  in  length,  equation  (6)  cu 
be  applied  to  the  gee  ia  the  ohenher  et  tr«  eetrence  to  the  trc.nsition 
eection  at  this  tUse 


a,  ^ or,  =1  (W) 

To  deteratae  the  nl—n  prejeetile  Telocity,  the  iapuleee  traTeliag 
downs treen  frcn  the  trensitien  eeeUcn  toward  the  p^Jec^le  nay  be 
exaniaad.  For  aach  of  thaee  inpalsee  tha  qeaetlty  Ul  *'  9 la  a ocnatant 
^ aquaUeai  (7)),  a dirferant  ssnstnjt  fM*  aeoh  inpulse,  equal  to 
lit  a 9*1  , aiaee  they  tr«Tel  fren  the  exit  of  the  trenaition  aection. 
Whan  tha  prejeetile  la  traTeliag  at  aatK—  spaed,  the  preasure_2^  *ha 
gea  diresily  behiad  i.t  la  ssro,  tad  baaee  tha  UeaaBa  finotioa  €r  of 


t 


• The  Telocity  with  uhish  gaa  ean  iasc..i  fToa  the  ehaabsr  into  tha 

barrel  ia  tha  local  Telocity  of  aoasdi  t.<ls  ia  irws  Misthar  the  flow  ia 
ataady  or  laistoady. 
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1 


thli  gat  (tfjr  tquatlon  (6))  it  taro.  Thartfort, 


Hm  * (CL  -»•  0“)^ 


AT 


“ + Ojt  (15) 

vhtrt  TLw  !■  dlatnalonltts  naxiaum  projtotilt  vtloolty,  and  tn* 
qnaatiiln  in  tha  aquation  rafar  to  tha  tlaa  whan  tha  projaotila  raloe- 
Ity  la  a aaxlaun.  VH.th  aquation  (14)  the  aaxlmM  projaetlla  valooltj 
baooKat 


a 


M 


(16) 


14.  F»^  aquatlona  (10),  (11),  (12),  (14),  and  (16)  tha  ra^ation 
hatwa«'  tLa  Muonua  ;rojaotlla  valoolty  and  tha  ratio  of  tha  ohaabar- 
Wbora  orc48«aaotlonal  araa  (or  ohanbar«to-bora  dianatar)  oar  • 

obtainad  for  tha  Inflnlta-ehaabar-langth  gm.  A,/A»  = (D,/De)~ 

-I  2 r 


I + 


u 


M 


(17) 


It  la  arldant  fron  aquation  (17)  that,  aa  axpaetad,  tha 
Jaotlla  raloeity  for  aa  Infinita-Aaibar-lanfth,  oonataatHll 


pro- 
iter  gun 


(Bl/toq  • 1)  la  20V(1  -1)  (!•••*  ^ Farther,  It  la 

aaan  that  aa  D]  'tiz  am-wr.o!  *‘s  InrtTnlte  raltaa  — thla  would  ^ tha 
oaaa  of  the  opU«ar  ohaebriff  aua  u.^awao*ohci  *ha  -alca 
(or  U,. . approaohaa  ) I thla  iM^aw.'ti  WAtZI 

tlxi  aaidran  valoolty  raault  obtain^  In  rafaranoa  (a)  for  tha  optlam 
ohfTN(»-ia  gun. 


For  a TiropiUant  gaa  of  V erjftl  to  1.4,  tha  aarlmn  projaetlla 
raloolty  haa  bean  araluatad  aa  a ivnoU^i  i*  or  «<i..b^xoq  (17). 

Iba  raa^t  is  ahown  In  Flgura  1. 

16.  Tha  inaraaaa  In  tha  aaxlntaa  .^">jaotlla  valoeitF  aa  a raault  of 
dMattvaga  dlvidad  by  U>a  Inoraaaa  la  tha  projaotlla  rajioalty  aa  a raault 
of  aptlEnaa  obanbrcga,  axpraaaad  aa  a pareaot^,  la  daalgMted  tha  par- 
eant  of  the  optlKsa  obanbraga  naxlaMK  Talooitj  laoraaaa.  Thua,  paroant 
of  the  opitlw  dMabraga  aaxiann  ralooltj  inaraaaa 

— ZClm/  (<  -*0 


(i») 


aM 


- I 


Vz/(NeO  — I 

Thla  paroautaga  hat  beau  ealoulatad  aa  a fbnotlon  of  ahanbar-to-bora 
dianatar  (D1/D2)  for  both  a % equal  to  1.4  prepallant  g^a  and  a < 
equal  to  1.29  propaUant  gaa.  The  raaulU  are  praaantad  la  Flgura  2 
aa  a alngla  ?nip»a,  baoauaa,  qultt  aur/rlaingly,  tha  paroantaga  wa 
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found  t4>  b«  alaoet  exactly  the  saM  for  eeuh  K * thir  d««i£or.Btrated 
that  the  percentage  of  the  cptlauai  chaabmge  oejcl>dum  velo.’iC.y  laerease 
la  practically  independent  of  V between  the  lijdta  r>f  Z equal  to 
1.25  to  1.4. 

1*^.  It  Bight  be  reiterated  at  thia  point  that  the  equatlooa  uaed  in 
obteislng  figures  1 arid  2 are  not  approxiaate  ones  but  exactly  deaoribe 
the  assuied  iaeatropio  gaa  flow  for  an  infinite-chanber-length  gun  when 
the  projectile  velocity  i«  a aaxlBiia. 


IV.  hetbri  of  Calculation  of  the  Projeetile 
VularHy  i>r  a Chanbered  Qun 

18.  To  oalo'U.te  the  pro.  ^r.tile  velocity  for  a ohaabered  gun  of  effeo** 
tlvely  infinite  length  fron  ^’jatlona  (7),  (10),  (11),  and  (13),  It  la 
neoeaaary  to  use  i”.  the  barrel  aeotlca  the  atep>by«atep  nuaerical  char> 
ccterlft'ca  aethod,  (Thie  aethoU  la  oi'tllned  in  references  (b) , (e) 
and  (f),  and  in  aany  otiier  reports.)  fhla  requires  the  use  of  a ehu* 
aeterleties  net  (two  seta  of  interM  ting  ohareaterletie  lines  in  the 
X . t plane  one  with  sloT>a  \L  , along  whleh  tie  o la  oonstant, 
another  with  slope  u - 5,  , along  wnioh  u -"S  la  constant) . Ike 
charect-erlr  r inea  roiaing  tna  ; et  can  be  Intarpretad  aa  tha  path  of 
dlsturbanct  «i:o.^sa8,  sinea,  as  c.ns  goes  along  e ohereoteri.atlo  line, 
one  travejie  el  the  saae  -peed  es  a dtaturbanoa  would,  that  ie,  at  the 
loos'  velccttr  of  sound  relative  to  U,w  ^-vr, 

1?.  1 s.’hasAUo  of  a oharaeteristloa  diagrea  for  a ohaabered 

gui  ia  shown  iu  Figure  j.  In  thia  figure  the  point*  o.  A,  B,  Z,  D, 
eto.  are  points  on  proJaotUe  path;  the  line  (M)'  repreeeate  the 
hesinniag  of  the  coBetantrWlieBeter  barrel  eeotlor,  the  line  T T*  repr: - 
eenta  the  end  of  the  cun«ie<it->.Lsset-<'r  rhsabar  eocllvn. 

20.  For  the  oalouletlon  tha  ralationahlp  batween  oonditlons  at  tha 
antraace  and  axil  to  tba  tranailion  eeotlon  ia  obtained  frtai  equatione 
(19),  (11),  and  (12).  Thus,  theM  aquation*  c»r,  oi*  coabinad  to  ylald 
tba  ralatloB  batwaen  and  a.  , i 


4.1  + 

rv  I 


I - 


Wltb  equation  (19) , aquetlona  (10)  and  (12)  eonvwiantly  ylald  tha 

a .*a____  a a »_  av. 


reLttloee  batween 


0*1^,  ui,aad  iLj^for  use  in  the  oaleulatior. 


21.  To  oegin  the  nuearical  solution,  an  initial  point  along  tha  pro- 
jeotlla  path'  (point  A in  Figure  3)  nan  ba  obtaload  by  aaeuaing  that  tba 
pressure-valoeity  relatlonahlp  b^ind  tha  projaetlla  up  to  that  point 
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ii  the  MM  es  that  et  the  exit  of  the  tMneitlon_esction.  Thjj 
iMtion  hea  been  found  to  be  aatlafactor>  up  to  U.  » .08  for  t..e  opvinat 
oTb.  -a.  ..  .ccurat.  ..  a..lr«i  by  Ubl.g  point  A 

as  cloaa  as  desired  to  point  0. 

The  eharacteriatlcs  not  la  continued  fro«  point  * ^ 

41  B_3  c-t  ato.^  and  the  use  of  equatlona  (19) » (10),  «»o 

^ ^ s:*..i~ut.a  «a  ,.n.a  to 

eoetinua  the  eharacteriatlcs  net. 

V.  Calculated  ProJeeUle  Behavior  for  a ^ «lth 
Chanber-to-Bore  WsMUr  Ratio  Equal  to  1.5 

21  9r<m  the  relation  betueen  the  aoxiam  relooity  and  tho  cha»ber-t^ 

odl«  S 50,  of  bh.  optlau.  , 

oaluuUted.  Tnla  (Uaarc-^'  « ♦>'  '*6  ' 

rr.:Li  toTsr  (S: 

i.  T.0  iuool.t.a  -ml...  for  point.  1.5). 

the  Cl/'Di  » 1.511  r«' 

2x  Plots  of  irojectlle  Telocity  d Tarsus  trsTel  X ^ *!▼«  Jn 

•laiAaitT  of  the  UiAtt  • 1.5U  fun  Is  approxlMtaly  * 

D1/D2  ■ 1 and  the  O1/D2  ■ CO  gun  Tslocitles.  Thus,  the  D1/D2  ■ 1.5 
^ -laa  VMt  of  the  oDtiaua  obanbreM  TelooJ  ty  iccrease  at 

SSSSfs  TSloJty  increase  for  *11  Telocitles.  ^5^  ’ 

JSohappUes  to  the  MXIm  Telocity  IncreaM  at 

tsir*  *?ui’cSr‘i?-.i^tS  n nS^f^^iTth. 

!jatStrUb.lS  tb.  •p.po-.t  of  U»  optl—  o»«Ata»P  Toloolty  Inor^M", 
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»>/Pa 


q 
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wher*  UL  projectile  velocity  of  the  chambered  gun,  s| 

ia  the  projectile  velocity  of  the  eonatant-diaaeter  gun,  and  vJUDi/ot  3D 
is  the  projectile  velocity  of  the  optimum  ehesbrage  gun^all  to  be  taken 
at  a given  projectile  travel.  Figure  8 is  a U versus  % plot  for 
chambered  guns  (D1/D2  * If  l>5fOO  ) drawn  for  equal  to  1.25  by 
analogy  wltb  the  S equal  to  1.4  j^ota.* 

25.  Figures  S,  6 (or  8),  and  7 can  now  be  employed  to  obtain  the  pro* 
Jeetile  velocity  for  any  chambered  gun  with  effectively  infinite  length 
chamber.  For  example,  to  obtain  the  muasle  velocity  of  an  effectively 
infinite  chamber  length^gun  of  Di/b2  * 2,  and  K » 1.4,^  whose  diren* 
aionless  bai.el  ?engt^  x equals  .015,  one  would  find  from  Fig'tfe  7 
that  tne  optimum  chamtrage  velocity  incrocse  is  70  percent.  From  F'.; 
ure  .126,  ,149i  therefore 

U .IE6  

.149  - .126  ~ 

and  the  velocity  of  this  gun  woxild  be 

U.  ~ ^ or  U.  .Tl  CL^ 


Vi.  Cp’rvt«»,ion  of  the  First  Tapulse  Reflected  from  the  Breech 

26.  It  h!..~  emp.iasieed  that  the  analyeis  prej»eoted  in  thia  paper 
is  for  a gun  wlioee  viikamher  lengvb  is  effectively  infinite.  For  s gun 
in  which  the  n-opelliukv  is  irltially  all  oumed  ?rid  ■ox.ior.j.ce. , U p\i»- 
Jectile  behavior  is  unaffected  by  the  oliai«ber  back  end  (the  br^eh)  until 
the  rerefe'^ticn  impuleee  which  originate  froa  the  projectile  K.vtioa  are 
relleoted  from  the  breech  and  reaoh  tite  projectila.  (The  firet  wash 
impulse  is  referred  to  ee  the  five*-  reflected  iapulee  from  th*  brvjch.) 

A guD  tdioee  ohember  length  is  eifectivlr  Infinite  ie.  therefore  cae 
in  which  the  dumber  ie  of  auffl«ii*nt  length  eo  thet  the  first  reflected 
impulse  does  not  ;eeoh  the  projectile  while  it  le  in  the  berrel.  A gum 
wtioee  barrel  length  ie  abort  would  require  a relatively  short  ohaaber 
for  an  effeoxively  infinite  chamber  length,  wher'taa  a long  barreled  gun 
would  require  a relatively  ^ ng  dtaiter.  'The  impulses  refleoted  from 
t>ks  breech  which  originated  frw  the  pi'ojeotile  are  rarefaction  *n>wleea) 
when  they  r^ach  the  project^  1^,,  they  lower  the  preeeure  of  the  f A-, 
behind  the  projectile,  end,  oooeequently,  the  projectile  velocitr  ie 
laee  than  if  there  were  no  breeoh  reflecting  tho..e  iapuleea.  aw  the 
obamber*to«bore  dlunc^er  ratio  inereaeea,  the  effeeta  of  these  reflected 


•An  error  In  the  • 1,25  caae  occurring  in  referee^- , (s)  has  oean 
oorreotad  in  Figure  6. 
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rarofaetiun  ImpulBea  becoae  and  less  (see  diaeueslon  in  refer- 
enr:’«  (a)).  In  fact,  the  one-diAanslonal  theor;/  used  here  demonstrates 
‘'..lat  If  Di/l'2  ie  infinite,  there  ia  no  effect  due  to  a breech.) 


27.  Obtaining  the  chamber  length  necessary  to  be  effaetlTely  inflni^^ 
requires  the  ealoulation  of  the  path  of  the  first  reflected  Impulses. 
As  before,  the  cases  of  D1/D2  = 1,  1.5,  and  00  are  consider^,  For  a 
gun  of  constant  diameter,  Heybey  (reference  (e))  has  obtainod  analytic 
expressions  for  the  path  of  the  first  reflected  impulse  in  the  ease  of 
a perfoet  gas.  These  may  be  transformed  to  yield 


Xoc  ~ 


2(»  + l) 


(!  - 


a 


MX 


(»+0/? 


(«-0 


— » 


!20; 


where  x«o  dimensionless  di.ftareejrroq  the  breech  to  the  inititl 

position  of  the  projectile  back  snd  and  LL|,^is  ths  dimensionlees  pro* 
Jectile  Telocity  when  the  first  reflected  impulse  reaches  the  projectile. 
The  relation  between  the  projectile  Telocity  H end  the  traTel  X for  a 
constant-diameter  gun  (referent'e  (e))  is 

X = 


(is+'/a- u.) 


+ I 


(ai) 


(»-lKl-a)  * 

From  equations  (20)  <*<-.4  •.  l)  .'•.3  chawlei  lengths,  to  be 

effectiTolr  infinite  can  be  obtained  as  i*unotj,cu..  •'  rr'J* 

(i.*  barrel  length)  and  jMroJectlle  Tslooity.  These  reiatlons  are 
ot.awn  It.  Figures  9 end  10  as  the  Di/Dj  ' 1 plots. 


26.  For  slA|dleitjr  in  calculating  the  path  oi.  the  first  reflectsd  Impulse 
in  the  case  of  lh»  chsrVrjd  gunr.,  the  Vngtik  of  in«  • cns'liA.,  section 
between  the  chambei'  and  barrel  la  taken  to  be  sem.  An  examination  of 
equation  (10)  or  (19)  demonetratea  that,  for  th*»  optimu*  ehembraf*  pin 
(D],/D2  > oo  ) , the  Telocity  of  the  gae  in  the  ohember  seetioo  is  sero, 
and  the  pressure,  sound  T«iRo*.t7,  «ad  other  gas  eoodlticna  in  the  ohambmr 
rsmain  oonstaat  at  their  initial  Talues.  Thus,  the  impulses  in 
chamber  secticr>  trarel  at  the  initial  sound  Telooity;  the  time  required 
for  the  first  -pulse  traTal  from  the  t^sition  point  and  back  is 
equal  to  2 x*,/ or,  msnalonleealy,  • 

29.  Kac^  ralua  of  time  (e.g.,  P In  the  sk*'toh  balow)  along  tha  ■ 0 
lime  (tha  beginning  of  the  barrel)  obtained  from  the  optimus  ohambrage 
ealoulatioo  ean  ba  taken  to  oorreepood  to  the  time  required  for  the 
first  iapulee  to  reflect  from  the  breech  to  Ute  tzTLositioa  eecUoni  iue 
hreeebjliatacce  IToo  is  eq\»l  to  (S-l)/<,  of  this  time,  end  the  tsIoc* 

' y,  , and  position,  X|^t  > of  ^ projectile  wbwt  the  firat 

inp^ee  reachea  it  at  Q oan  be  ^tsinsd  from  the  optinwk  ohambrage  cal- 
culation by  following  the  downetream  impulse  from  P.  la  this  manner 
the  paths  of  the  firat  refleoted  lar  ls^a  for  the  D1/D2  case  are 
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obtained.  Tbe  resultant  Dx/D2  * ^ plots  are  shown  in  Flfuret  9 
and  10. 


X ’< 


PRO  ]ECTILE. 
PATH ^ _ 


BARREL 


CHAMBE.R 


to.  For  the  t^/u2  « 1.5  case  ^e  charsoterlstle  equetioos  \,*ii  '-m 
,'in  the  ch'V'ber  section  (where  UL  15  » 1)  to  obtain  the  path  of  the 
first  reflected  ienulee.  Froa  pointa  R and  S used  previoueljr  in  the 
I>i/D2  * ealc‘-Ue*1on  j on  the  Tf  * 0 line  (eee  sketch  below)  point  T 
can  be  oeleuleted:  fro«  T end  U the  poJnt  V cen  '•elouicted;  etc. 
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CHAMBER 
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Point  X,  ^rtiich  apeclflee  , Is  the  Intersection  of  the  downstream 
eharecterlstic  R - T - V...  and  the  first  upstream  impulse  (of  slope 
-2/(8  -i)).  Since  point  T on  the  projectile  pcth  has  bee?  calculated 
preTiously,  the  first  reflected  impulse  path  la  cempletel/  known.  In 
thlr  manner  the  chamber  length  to  be  effectively  infinite  was  calculated 
for  t!ie  D1/D2  = I**";  caee;  the  results  are  shown  in  Figures  9 and  10. 

"A.  The  curves  of  Figures  9 and  10  illustrate  that  vhe  = 1.5  case 

is  approximately  midway  between  the  D1/D2  = 1 end  D1/D2  = * cases;  there- 
fore, tlie  plot  of  Figure  2 (or  7)  can  be  used  to  obtain  the  chamber  lengths 
nocee“ary  to  he  effectively  infinite  for  diameter  ratios  other  than  1, 

1.5,  C 0!»  . 


VII.  CONCLUDING  REMAPJKS 

32.  It-  is  seen  that  tha  quantitative  results  obtained  here  are  in 
agreement  with  the  Qualitative  description  of  the  effect  of  chambrage 
given  Ir  reference  (a) . There  ci'  imbrage  and  a bu.j=nlng  propellant  are 
pictured  as  creating  oanpresslon  1.mpul&>ss  wtiich  increase  the  prcjeetile 
velocity.  Alternately,  chambrage  aiwi  a burning  propellant  can  be  viewed 
as  making  possible  the  closer  ^positioning  of  the  propelling  gas  to  the 
projectile,  thereby  increasing  the  projectile  velocity, 

3.1.  It  l4  to  be  emphaslseo  ttiat  the  cor.cluslc.^j  0 '-nl.c  ’ •-  'V  - _• 
on  the  influence  of  chembrege  are  applicable  under  ti.«,  uur.iitions  that 
the  •uK'.mb'or  and  ba.;'-el  are  cylindrical,  (b)  vhe  propellant  gaa  is 
all  burned  oefcoe  the  projectile  moves,  (c)  tl>e  propellant  gas  is  an 

gac,  (d)  the  expansion  of  the  gas  is  Iscr.tp'plc,  (e)  tne  chamber  is 
sufficiently  lerg  the-'  the  breed,  haa  r-.o  «rr«c.t  "ro^".t<le  motion, 

and  (t)  the  steady  flow  equations  apply  in  the  trciisiUon  section.  The 
validity  of  the  last  condition  must  sMlt  experimental  v^sxilts.  The  other 
oondltloQS  are  not  satisfied  Iqr  conventional  gui...,  end  ceution  must  be 
exercieed  in  the  applieation  cf  th-.-se  results  to  such  guns;  however,  thej 
are  closely  approached  in  acme  unorthodox  guns  to  which  these  rsr'lts 
can  be  directly  applied.  For  conventional  guns  (l.e.,  in  which  the  pro- 
pellant buma  during  the  projectile  motion)  tlte  velocity  gain  from  chaU' 
brage  o«u  be  less  than  calculated  here.  Thia  is  due  to  the  fact  that  a 
pressure  eustnining  effect  behind  the  projectile  can  ue  achieved  from  the 
propellant's  ocr Unued  burning.  This  pressure  sustaining  effect  from 
continued  burning  is  more  and  more  difficult  to  obtain  at  p;x)jeetlle 
vrloclties  tre  Inoreased  (because  ?f  the  high  rates  -»f  burning  required), 
bui.  ^ preK.  -ure  evstaining  effect  fro$!  chambrage  is  obtainable  at  high 
vslo-  'ties.  Thus,  the  use  of  chambrege  !•  partlculsirly  advantageous  in 
high-vr-i  nl''.y  convent' coal  guns.  NAVORO  Report  3717  (in  preparetion) 

<rlves  an  upnroxlmate  k .'hcd  of  treating  ffhai^rage  in  conventional  gun 
c£l<nilations. 
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POINTS  ON  THE  PROJECTILE  PATH 
(Caloulated  for  D1/D2  = 1*5,  and  K ^ 1.4) 


Point 

X 

t 

a 

O’ 

P 

a 

Q 

0 

0 

0 

1.0 

1.0 

• «« 

k 

.00048: 

.03167 

.0300 

.9845 

.8965 

.19^ 

.rK»0687 

.0376 

.035? 

.9792 

.863 

958 

.0"i015 

.0462 

.0417 

.9768 

.849 

.1954 

0 

.001660 

.0597 

.0538 

.9683 

.798 

.1937 

E 

.0<03203 

.08U 

.0723 

.9538 

.718 

.1908 

a 

.004029 

.0951 

.08 

.9490 

.694 

.1898 

A 

.004639 

.1026 

.085 

.9423 

.660 

.1885 

y 

.005295 

.1102 

.090 

.9378 

.638 

.1876 

8 

.006018 

.1181 

.095 

.9332 

.616 

.1866 

< 

.006793 

,1261 

.100 

.9289 

.597 

.1858 

s 

.007643 

.13U 

.105 

.9248 

.579 

.1850 

F 

.008395 

.1414 

.•;..i8 

■>65 

.'8U 

VI 

.012^91 

.17U 

.1268 

.9074 

H 

.015M 

.2011 

.1397 

.8962 

.464 

.1792 

T 

.2317 

.1533 

.8851 

.426 

.1770 

J 

.026336 

.2690 

.1683 

.8713 

.381 

.1743 

X 

.0:40:%; 

.3127 

.1840 

.8569 

.339 

.1714 

L 

.044US 

.3653 

.2007 

.6407 

.297 

.1681 

M 

.055W 

.a?4 

.2156 

.8265 

.264 

.1653 

N 

.158593 

.8230 

.2955 

.7491 

.131 

.1498 

0 

.428088 

1.6289 

.:»733 

.6728 

.062 

.1346 

i 
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LIST  OF  SYMBOLS 
OL  - Velocity  of  sound 

A,  - Cross-sectional  area  of  propellant  chanber 
Aj  - Cross-sectional  area  of  barrel  bore 
D|  - Diasieter  of  propellant  ehanber 

- uiaaeter  of  berrel  bore 
h - Enthalpy 

M - Hass  of  projectile 
|D  - Pressure 
t - Tine 

U,  . Qas  or  projectile  velocity 
X ~ Position  coordinate  of  gas  eltM^nt 

- Distance  froa  breech  ic  transition  section 

< - Specific  heat  rctlo 

y - Gas  density 

O'  - Rienann  function,  defined  as  , S s entropy 

A synbol  with  a bar  is  dlaensionless  and  is  related  to  the  diroen- 
sional  quantities  by  equations  (5).  The  subscript  "o”  refers  to  the 
initial  state  of  the  gas  at  rest  in  the  ohaaber)  the  subscript  "1* 
denotes  the  state  of  the  gas  in  the  ohaaber  at  the  entrance  to  the 
transition  section,  and  the  subscript  "2*  dsnotas  the  state  of  the  gas 
In  the  barrel  at  the  or.it  of  the  transition  section. 
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